Objectives: Magnetic resonance imaging (MRI) and computerized tomography (CT) scanners are high-tech equipment with the highest utilizations and expenditures in Taiwan. This study investigates the factors that affect MRI and CT utilization, such as whether supply-side factors have more impact than demand-side factors, and the effect of utilization control policies. Methods: This study used the nationwide CT and MRI claim data for the years 1998 to 2001 from the Bureau of National Health Insurance (BNHI) in Taiwan. Multiple regression analysis was the statistical method used to determine the relative factors that influence CT and MRI utilization. Results: CT : population ratio, hospital-based physician : population ratio, female ratio, pediatric (≤14 years) : population ratio, and family income significantly influenced CT utilization. MRI : population ratio and hospital-based physician : population ratio, female ratio, and family income significantly influenced MRI utilization. However, the proportion of the aged (≥65 years of age) did not significantly influence CT or MRI utilization after controlling for other factors. The rates of CT and MRI utilization for the outpatient and inpatient settings and the repeated uses of CT or MRI have decreased significantly after a utilization review was implemented by BNHI, which suggests that CT and MRI have been overused. Conclusions: Increases in supply-side factors significantly increase CT/MRI utilization, and supply-side factors impact CT/MRI utilization more than demand-side factors. The results show that the utilization instant report policy effectively decreases repeated uses of CT/MRI.
The escalation of health-care expenditures has caused many countries to address this problem. Previous studies have inWe are grateful for the financial support of the Department of Health of Taiwan for this research grant (DOH91-HS-1001) and also deeply appreciate the use of National Health Insurance medical claim data for our analyses. dicated that population, population structure, medical-care price, medical utilization rate, and high-tech medical utilization influence the growth of health-care expenses (6) . Of these influencing factors, high-tech utilization is one of the most important factors affecting health-care spending (10;17;20;22) . Taiwan implemented National Health Insurance (NHI) in 1995, a universal and comprehensive health insurance with a low copayment for outpatient and inpatient services. Taiwan's health system is a closed system, which means all hospital-based physicians are staff physicians. Currently, Taiwan's health delivery system does not have a mandated physician referral system and offers extremely free choices of physicians or health-care organizations. This means patients can directly visit hospital-based physicians for primary care without a physician referral. Since 1995, the implementation of NHI has resulted in a large increase in health-care utilization. For example, in 2001 Taiwanese had, on average, fifteen outpatient services visits per capita as compared with eleven outpatient services visits in 1995 (26) . Because Taiwan's NHI covers computerized tomography scanning (CT) and magnetic resonance imaging (MRI), Taiwan has experienced rapid growth of health-care spending for high-tech medical devices. According to the Annual Statistical Report of the Bureau of National Health Insurance (BNHI), medical claims for CT and MRI utilization increased 14.18 percent compared with the previous year and spending increased 17.71 percent in 1999, which was higher than NHI's annual growth rate of 8.45 percent (5).
Taiwan began importing CTs in 1978 and MRIs in 1988, and currently the ratios of population to the number of CTs or MRIs are similar to those of other developed countries. According to Health and Vital Statistics of Department of Health (DOH), the cumulative number of CTs reached 435 units from 1992 to 2001 and the average annual growth rate was 10.6 percent. There are ninety-four MRI units, with an average annual growth rate of 16.9 percent for the same period, which represents a doubling of the number in 4 years (26) . In a highly competitive health-care market, hospitals have more incentives to purchase expensive high-tech equipment to increase their competitive advantages, because hospitals with high-tech equipment can provide higher quality images (28) . When the health-care market is more competitive, hospitals will face a more intense "arms race." In addition, because health-care providers attempt to quickly pay back their high-tech equipment investments and reduce the probability of medical malpractice, they may have supplier-induced demand situations that increase utilization of expensive hightech devices.
The factors that influence an area's health-care expenses include health-care supply factors and health-care demand factors. Health-care supply-side factors include physicians, hospital beds, medical equipment, and medical technology; demand-side factors include population, age distribution of population, sex ratio, family income, and so on. In general, older people consume more health-care resources, and the relation curve between age and health-care spending is a "U" curve (19;29) . Females have higher health expenses on average than males (19;29) . Previous studies have shown that income elasticity of demand for medical care was between 1 and 0, meaning that medical care is referred to as the normal goods, because any increase in real income leads to an increase in medical-care demanded (16;18) . In addition, consumers are sensitive to the price of medical care, but they are likely to become less sensitive to price changes due to lower out-of-pocket payments (16) . When the out-of-pocket price is zero, the income elasticity of demand for medical care is close to zero (9). Taiwan's NHI completely reimburses, without any out-of-pocket payment, for the utilization of CT and MRI. Consequently, patients are not concerned about the price of CT and MRI. Whether demand factors impact the utilization of CT and MRI, that is, expensive services that only hospital-based physicians can request, and whether these demands are similar to the demand for general medical care, requires our study.
Regarding the health-care supply, increases in healthcare resources will increase health-care utilization. When the number of physicians increases, significantly more healthcare resources are used (3;27) . Conversely, a logical question is, Will the growth of hospital-based physicians increase the utilization of CT and MRI? Since 1996, Taiwan NHI has not changed its reimbursement and the level of insurance coverage for CT and MRI procedures. The reimbursements or the level of insurance coverage would influence the escalation of high-tech medical utilization (14;21) .
CT and MRI have the highest utilization among all hightech medical devices in Taiwan, and their use has been continuously growing. In this study, we explore the rates of CT and MRI utilization in inpatient and outpatient services and the relative factors that influenced the growth of CT or MRI utilization after 1995, when Taiwan implemented the NHI. To control CT and MRI utilizations, Taiwan BNHI applied the principle of managed care and a gatekeeper system to instantly review hospitals' CT and MRI utilizations after 1999, by requesting hospital-based physicians to report their CT and MRI utilizations to BNHI within 24 hours. How would an instant report policy affect CT and MRI utilizations? Namely, we address the following aspects : whether health-care supply-side factors impact utilization more than health-care demand-side factors; the degree of repeated use of CT or MRI procedures; the effect of policy management on reducing utilization after Taiwan's BNHI executed the instant report policy.
MATERIALS AND METHODS

Population Studied
This study used Taiwan's NHI nationwide medical claim data, which comprised the medical-care services for 97 percent of Taiwan's population (approximately 23 million people), for the years 1998 to 2001, to determine CT and MRI utilizations. We also used health-care regions (HCRs) as the observation unit for further analyses. The HCRs are the living areas mapped out by the DOH in which the health-care needs of residents can be conveniently met. This national healthcare net encompasses all twenty-one cities and counties and consists of seventeen HCRs, with each HCR containing one or two cities or counties in Taiwan, much like the metropolitan statistical area (MSA) in the United States.
Data Sources
We used secondary data for this study. The utilizations and expenditures of CT and MRI were from the NHI medical claim dataset from 1998 to 2001. The number of CTs and MRIs was derived from the survey data published by the DOH. Because only hospital-based physicians place orders for these procedures, we used NHI-contracted hospital-based physicians rather than all practicing physicians to accurately reflect the number of medical-care providers. The NHIcontracted hospital-based physicians were obtained from NHI physician profiles published by National Health Research Institute (NHRI). 
Statistical Methods
This study applied descriptive statistics and a multiple regression analysis to analyze the utilization of CT and MRI for the period of 1998 to 2001 in Taiwan. The HCR was the observation unit. Because three HCRs did not have any MRIs before 2001, we omitted these HCRs from the analysis for MRI utilization.
Descriptive statistics were used to describe the trend of CT and MRI utilization and the average growth rates. Because the multiple regression analysis could examine the strength of the relationship between a continuous dependent variable and several independent variables, we used a multiple regression analysis to examine the factors that were associated with CT and MRI utilization. The dependent variable is the average uses of CT or MRI per 1,000 people per year and the independent variables consist of an area's healthcare resources (e.g., hospital-based physicians per 10,000 people, hospital beds per 10,000 people, units of CT or MRI per million people), demographic indicators (e.g., ratio of gender, percentage of the aged or pediatric population), and economic factors (e.g., average family income).
To examine the relationship between any two variables, we first used Pearson's correlation Coefficient to analyze the variables and also examined the normal distribution of variables. Second, to reduce the collinearity relationship among independent variables, we tested the presence of multicollinearity and used the variance inflation factor (VIF) to measure collinearity in the multiple regression analysis. Finally, to meet the regression assumptions, the residual analysis was used to examine the fitness of the regression models. Thus, we tried to transform the variables to gain the best fit of the regression model.
In the regression model, because the number of hospital beds and the number of hospital-based physicians had a higher multicollinearity relationship (VIF > 10), we only kept the variable of hospital-based physicians in the final regression model to reduce bias due to multicollinearity. All variables in the final multiple regression models have lower values (<10) of VIF. Furthermore, because of the variation of population of HCRs, we applied the least square regression method with a weight of an HCR's population to reduce the variation of an HCR's population.
RESULTS
Descriptive Analysis
In 1998, Taiwan reported an average 27.28 uses of CT/1,000 persons compared with 31.14/1,000 persons in 2001, an average annual growth rate of 4.51 percent (Table 1) . MRI had an average utilization of 5.42/1,000 persons in 1998 compared with 8.56/1,000 persons in 2001, an annual growth rate of 16.46 percent during these 4 years.
When the rates of CT and MRI utilization at outpatient and inpatient services were analyzed separately, we found average use in 2001 was 1.38 CTs/1,000 patients in outpatient services versus an average 87.28 CTs/1,000 patients Compared with MRI, the rate of CT utilization and its average spending were higher than those for MRI. In 2001, the average number of CT scans/1,000 people was 3.6 times higher than that of MRI. However, the annual rate of growth for MRI was 4.24 times higher than that of CT from 1998 to 2001.
As for the density of health-care high-tech devices, there were an average of 14.10 CT units per 1 million persons in 2001 versus 13.40 in 1998 ( Table 1 ). The number of MRI units increased from 2.56 units to 3.71 units per 1 million persons between 1998 and 2001. The annual growth rate of the ratio of CT and MRI to population was 1.71 percent and 13.6 percent, respectively. The increase in the MRI : population ratio was 7.7 times higher than that of CT, possibly because the number of CT units was near market saturation, whereas the more expensive MRI might not have reached market saturation.
Results of Multiple Regression Analysis for CT/MRI Utilization
To investigate the major factors affecting the utilization of CT and MRI, we used the average uses of CT or MRI per 1,000 people as the dependent variable in the multiple regression models. The independent variables in the regression models (model 4) could explain 77 percent and 90 percent (adjusted R 2 ) of CT and MRI total utilization variability, respectively (Tables 2 and 3 ). Among the independent variables (Tables 2  and 3 ), health-care resources (i.e., hospital-based physicians per 10,000 people and the number of CT/MRI units per 1 million population) could largely predict the variability of CT/MRI utilization (adjusted R 2 is 0.67 for CT and 0.78 for MRI in model 1). The demand factors-population demographic variables (adjusted R 2 is 0.52 for CT and 0.61 for MRI in model 2) and the income factor (model 3) have the least power to predict CT or MRI utilization variability.
After controlling for other variables (model 4 in Table 2 ), the factors that significantly influenced CT utilization included the number of hospital-based physicians per 10,000 population, CT units per 1 million population, percentage of female patients, percentage of pediatric patients, and average family income, but the percentage of aged patients did not significantly influence the CT utilization (Table 2) . Except for average family income, other relative factors have a positive correlation with CT utilization. When other factors are fixed, increasing 1 unit of CT per 1 million population would increase average CT uses to 1.12 per 1,000 people. Increasing 1 hospital-based physician per 10,000 people would cause an increase of 1.82 CT uses per 1,000 people. When the population's female makeup increased by 1 percent, CT utilization increased an averaged 5.51 uses per 1,000 people. An increase of 1 percent in the number of pediatric patients would result in an increase of 1.51 CT uses per 1,000 people, whereas an increase of 10,000 New Taiwan (NT) dollars in average family income would result in a decrease 0.17 CT uses per 1000 people after controlling for other factors.
As for the factors influencing MRI utilization, all other factors significantly influenced MRI utilization, except for the percentage of pediatric population and of the aged. All significantly relative factors had a positive relationship with MRI uses, except for average family income. After controlling for other variables, adding 1 MRI unit per 1 million population would result in an average increase of 1.04 MRI uses per 1,000 people; an increase of one hospital-based physician would result in an increase of 0.58 MRI uses per 1,000 people; an increase of 1 percent in the ratio of female patients would increase MRI uses an average of 2.55 per 1,000 people. However, an increase of 10,000 NT dollars in average family income would significantly decrease MRI uses by 0.06 per 1000 people.
Based on the standardized regression coefficients (Tables 2 and 3) , we found that CT utilization was most impacted by the ratio of hospital-based physicians to population. However, the proportion of females had a slightly higher influence on MRI utilization than the ratio of hospital-based physicians to population. The age distribution of the population was less important than the distribution of health-care resources (i.e., hospital-based physicians and the number of CT/MRI units).
Analysis of Repeated Uses of CT or MRI Procedure
Because CT and MRI procedures are diagnostic services, we investigated the extent of their short-term repeated uses in hospitals at outpatient and inpatient sectors during the period of 1998 to 2001, with 1 week, 2 weeks, and 1 month as the observation period for outpatient services. When one patient had two CT or MRI procedures in the observation period, this finding was defined as a "repeated use," although different diseases or reasons may have necessitated the procedures, and the repeated uses might be procured at one hospital's or two hospitals' outpatient sectors. Because hospitals report 1 medical claim for each stay after patients are discharged and the claim data do not cite the service time for CT or MRI scans, we defined repeated uses of CT or MRI in inpatient services as repeated use within a single hospital admission.
Repeated Uses of CT Procedure
As shown in Table 4 , the rate of repeat CT uses in a 1-week period was 6.53 percent in 1998 and decreased to 2.34 percent in 2001 for the outpatient services. When the observation period was 2 weeks, the rate of repeated uses increased to between 3.13 percent and 8.04 percent. When the observation time increased to 1 month, the rate of repeated uses was twice that of the 1-week observation period. Regardless of the observation time, the rate of repeat CT uses at outpatient services decreased approximately 25 percent from 1998 to 2001.
One percent of patients treated in inpatient services had repeat CT uses during a single hospital stay in 1998; this rate decreased to 0.61 percent in 2001. The average annual growth rate of repeat CT uses for inpatients services was −15.34 percent. Outpatient services had a greater decrease in the rate of repeat CT uses than inpatient services, suggesting BNHI's utilization instant report policy had a good effect on reducing CT repeated uses, especially among outpatients. 
Repeated Uses of MRI Procedure
As for the repeat MRI uses (Table 4) , when a 1-week observation was evaluated, the rate of MRI repeated uses was 3.46 percent for outpatient services in 1998, which was reduced to 1.03 percent in 2001. When the observation period was extended to 2 weeks, the rate of repeated uses was 4.32 percent in 1998 and 1.43 percent in 2001. The rate of MRI repeated uses in outpatient services was 6 percent in 1998 and 2.19 percent in 2001, using a 1-month observation period. The reduction in the rate of MRI repeated uses in outpatient services was approximately 30 percent for these 3 observation periods. In inpatient services (Table 4) , 0.06 percent of patients in 1998 had 2 MRI uses during their hospital stay, but the rate of repeated uses decreased to 0.04 percent in 2001. The average annual growth rate of repeated uses was −14.79 percent for inpatient MRI users. Compared with the inpatient MRI users, the outpatient MRI repeated uses rate declined more from 1998 to 2001. So, BNHI's utilization instant report policy has effectively reduced repeated uses for both CT and MRI.
DISCUSSION
Roemer (25) indicated that a built bed is a filled bed, which describes the positive relationship between healthcare resources and health-care utilization caused by supplierinduced demand due to information asymmetry between providers and patients. This study demonstrated that, after controlling for other factors, increases in the ratios of CT : or MRI : population and the hospital-based physician : population significantly increases CT or MRI utilization, which is similar to the relationships between health-care resources and non-high-tech health-care utilization. Because CT has saturated the market in hospitals, the rate of use is stable. However, because only larger hospitals can purchase the expensive MRI, the modality is relatively less popular than CT, although the utilization rate of MRI in regions with a lower ratio of MRI : population has been growing markedly, which suggests that as the accessibility of high-cost diagnostic equipment increases, the utilization rate parallels this increase if the service is covered by health insurance.
Before the implementation of NHI, Taiwan did not have one area with more health-care resources and more healthcare utilization per capita (7) . During the past 30 years in the United States, an increase in physicians has increased health-care expenditures, and the increase in physicians can explain 95 percent of the escalation in health-care spending (3). The main reasons were that both information asymmetry and health-insurance coverage cause more physician-induced demand (20) . In Taiwan, patients had NHI comprehensive coverage and did not have any out-of-pocket payments for the utilization of CT and MRI. Our study showed the number of hospital-based physicians strongly correlated with CT and MRI spending if other factors were fixed. According to standardized regression coefficients in the regression model, the rise in hospital-based physicians would have the biggest influence on CT utilization, with similar findings for MRI utilization. In addition, the ratio of hospital-based physician : population explains most of the variability of CT or MRI utilization (i.e., adjusted R 2 is 0.62 for CT and 0.69 for MRI) when the ratio was analyzed alone in the model, meaning the ratio of hospital-based physician : population had the highest predictability for CT or MRI spending.
Previous studies showed both pediatric and aged populations incur more health-care spending (19;29) . In this study, we used nationwide and multiple-year data. When we examined simple correlation between the aged and CT/MRI utilization, we found a significant and positive relationship between the aged and CT/MRI utilization, which was similar to that of other studies (2;4;15) . But, after controlling for other relative variables in the multiple regression model, there was no significant relationship between the aged and CT/MRI utilization, and the standardized regression coefficients of the aged was also small, which suggested an aging population would not significantly increase CT or MRI expenditures. As for the relationship between children and CT or MRI utilization, an increase in the pediatric population significantly increased CT utilization but not MRI utilization. The reason might be that children's disease patterns require more CT diagnostic workups than MRI workups because of the modalities' different functions. Another reason might be cost-effectiveness, because physicians or patients' families are more willing to spend health-care resources on children's treatments than on aged patients.' This finding suggests that Taiwan's increasing aged population will not significantly increase high-tech CT or MRI utilization.
In general, females on average incur more health-care spending than males. Based on the nationwide data, we also found, after controlling for confounders, similar findings suggesting that CT and MRI utilization will escalate significantly as a population becomes more female. We need to note that, according to standardized regression coefficients (0.55 for CT and 0.54 for MRI) in the regression model, changes in female population are an important influencing factor for CT or MRI utilization (Tables 2 and 3) , which is consistent with the study result that found that female patients in US hospitals underwent more CT procedures than males (4) .
Income had inconsistent effects on health-care utilization, in our study and others. Grossman (11) indicated that a rise in income would increase patients' health-care utilization, but Becker (1) argued that, when individuals have more income, the cost of accessing medical-care services will increase if the time spent accessing medical care is factored. Consequently, individuals will reduce their health-care utilization. Taiwan's NHI covers all CT or MRI procedures, and patients do not have any financial burden for CT or MRI uses. But, in the regression model, we found increases in average family income decreased the rate of CT or MRI utilization. Because CT or MRI procedures are not provided by primarycare services, hospital-based physicians are required to place an order for the diagnostic procedures. This finding might suggest that the health status of persons with lower incomes, who present to a hospital versus a primary-care setting, might demand more medical care and, therefore, use more CT or MRI procedures. This warrants further study.
Patients' clinical status might necessitate repeated uses of CT or MRI over a short period of time, but when we further examined the correlation between the rate of CT or MRI utilization and the ratio of hospital-based physician : population, we found that the Pearson correlation coefficient was 0.57 for CT and 0.62 for MRI (p < .05), which means they had positively medium strength correlation. It suggests that more competitive health-care markets would cause higher rates of CT or MRI utilization. In addition, we also examined whether there was any relationship between the rate of repeated uses of CT/MRI and the ratio of hospital-based physician : population. We did not find a significant correlation (p > .05) between the rate of repeated uses of CT/MRI and the ratio of hospital-based physician-population, which suggests that the repeated uses homogenously happened at health-care regions and were not influenced by the degree of market competition. After 1999, BNHI implemented "instant report policy" for CT and MRI utilization review. Based on the growth of MRI utilization, the policy did not have a significant effect on controlling for MRI uses, but it might be that some MRI procedures have replaced some CT procedures (23;24) . However, when we analyzed the rate of repeated uses, we found that there was a significant reduction in repeated uses of CT and MRI during 1998 to 2001, most likely directly attributable to the implementation of this instant report policy for CT and MRI procedures.
In addition, because Taiwan's DOH did not have regulations on life-year limitations for CT or MRI scanners, some small-scale hospitals due to financial constraints might purchase used CT or MRI scanners from other hospitals. Thus, if the imaging quality of some hospitals' CTs or MRIs is poor, and if the patients are referred to larger hospitals, the physicians there might request repeat CT or MRI procedures.
To reduce the utilization of CT or MRI, some insurers in the United States or Japan have tried to lower the insurance payment or coverage for CT or MRI procedures to decrease a hospital's profit margin (12;13), even for hospitals that realized no profit from CT or MRI procedures; in Japan, this tactic successfully contained the escalation of spending for high-tech health-care devices (14) . The high price of insurance payment was a major incentive factor in developing advanced medical technology (8) . Consequently, the price of health-insurance payment is the key factor in managing high-tech utilization and expansion. In Taiwan, BNHI only reduced payment for CT and MRI procedures in 1996, and these reimbursements need to be further adjusted in the near future to contain CT and MRI utilizations.
POLICY IMPLICATION
To reasonably control the utilization of high-tech medical equipment such as CT and MRI, we proposed the following recommendations to the health-policy decision-makers : (i) Health-care supply-side factors were the most important factors affecting increased CT or MRI utilization. Changes in CT/MRI utilization will require controlling the supply of CTs and MRIs. (ii) The insurance payment should reduce the financial incentive for the utilization of CT/MRI by health-care providers. (iii) Sharing information or CT/MRI films among hospital-based physicians will help reduce the repeated uses of CT/MRI for the purpose of a second opinion. (iv) The government or the insurer needs periodically to investigate the quality of CT or MRI machines and weed out the nonqualified CT or MRI for insurance payment. (v) Implementation of an instant report policy for CT/MRI utilization review will effectively reduce unnecessary utilization. 
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